Previous studies (e.g., Hamori, 2000; Ho and Tsui, 2003; Fountas et al., 2004) find high volatility persistence of economic growth rates using generalized autoregressive conditional heteroskedasticity (GARCH) specifications. This paper reexamines the Japanese case, using the same approach and showing that this finding of high volatility persistence reflects the Great Moderation, which features a sharp decline in the variance as well as two falls in the mean of the growth rates identified by Perrons (1998, 2003) multiple structural change test. Our empirical results provide new evidence. First, excess kurtosis drops substantially or disappears in the GARCH or exponential GARCH model that corrects for an additive outlier. Second, using the outlier-corrected data, the integrated GARCH effect or high volatility persistence remains in the specification once we introduce intercept-shift dummies into the mean equation. Third, the time-varying variance falls sharply, only when we incorporate the break in the variance equation. Fourth, the ARCH in mean model finds no effects of our more correct measure of output volatility on output growth or of output growth on its volatility.
1.

Introduction
Real GDP growth involves long-run phenomena. For a longer sample period, structural changes in volatility will occur with a higher probability. For example, Kim and Nelson (1999) , McConnell and Perez-Quiros (2000) , Blanchard and Simon (2001) , and Ahmed et al. (2004) , among others, document a structural change in the volatility of U.S. GDP growth, finding a rather dramatic reduction in GDP volatility that some have labeled the Great Moderation. Stock and Watson (2003) , Bhar and Hamori (2003) , Mills and Wang (2003) , and Summers (2005) show a structural break in the volatility decline of the output growth rate for Japan and other G7 countries, although the break occurs at different times.
Researchers frequently employ some form of a generalized autoregressive conditional heteroskedasticity (GARCH) modeling strategy to examine the volatility of real GDP growth.
Most such studies, however, assume a stable GARCH or exponential GARCH (EGARCH) process capturing the movement in volatility. The neglect of potential structural breaks in the unconditional or conditional variances of output growth leads to high persistence in the conditional volatility or integrated GARCH (IGARCH). For example, Hamori (2000) finds that the GARCH persistence of volatility equals 0.972 for Japan and 0.987 for the U.S. and EGARCH persistence of 1.013 for Japan and 0.968 for the U.S. Ho and Tsui (2003) report that the EGARCH persistence equals -0.4147 for Japan, and equals 0.916 for the U.S. Finally, Fountas et al. (2004) find GARCH and EGARCH volatility persistence of 0.982 and 0.962, respectively, for Japan. All persistence measures fall close to one except a negative estimate.
The evidence of a structural change in output growth volatility combined with finding high persistence in conditional volatility motivates us to revisit the issue of conditional volatility in real GDP growth rates for Japan. We report that a structural break exists in the variance resulting in high volatility persistence. This issue is well known at the theoretical level; 1 but, the only empirical examination for the U.S. appears in Fang and Miller (2008) . This paper contributes to the literature by providing some new evidence from Japan. First, excess kurtosis in the growth rate drops substantially or disappears, once we incorporate an outlier in the GARCH model, either a symmetric or an asymmetric specification. Non-normally distributed residuals may emerge by not modeling the extraordinary change in the growth series. Second, the IGARCH effect or high volatility persistence remains, when we introduce two structural breaks in the mean equation. Third, the time-varying variance falls sharply, only when we incorporate the break in the variance equation. The IGARCH effect proves spurious due to nonstationary variance of output growth. Fourth, the ARCH(1)-M model finds no significant effects of our more correct specification of output volatility on output growth or of output growth on its volatility.
Although our paper generally applies to modeling real GDP growth volatility using the GARCH approach, we focus on the Japanese case because it provides an interesting example, particularly when compared with the U.S. Using U.S. quarterly real GDP data, Fang and Miller (2008) report that the long-term growth rate of output keeps unchanged and its variance declines.
1 Diebold (1986) first argues that structural changes may confound persistence estimation in GARCH models. He notes that Engle and Bollerslev's (1986) integrated GARCH (IGARCH) may result from instability of the constant term of the conditional variance (i.e., nonstationarity of the unconditional variance). Neglecting such changes can generate spuriously measured persistence with the sum of the estimated autoregressive parameters of the conditional variance heavily biased towards one. Lamoureux and Lastrapes (1990) provide confirming evidence that ignoring discrete shifts in the unconditional variance, the misspecification of the GARCH model can bias upward GARCH estimates of persistence in variance. Including dummy variables to account for such shifts diminishes the degree of GARCH persistence. More recently, Mikosch and Stărică (2004) prove that the IGARCH model makes sense when non-stationary data reflect changes in the unconditional variance. Hillebrand (2005) shows that in the presence of neglected parameter change-points, even a single deterministic change-point can cause GARCH to measure volatility persistence inappropriately. Alternatively, Hamilton and Susmel (1994) and Kim et al. (1998) suggest that the long-run variance dynamics may include regime shifts, but within a given regime, it may follow a GARCH process. Kim and Nelson (1999) , Bhar and Hamori (2003) , Mills and Wang (2003) , and Summers (2005) apply this approach of Markov switching heteroskedasticity with two states to examine the volatility of real GDP growth and identify structural changes.
This combination may imply immediately a weak relationship between growth and volatility. 2 In contrast, Japan grew much more rapidly in the 1960s, during postwar reconstruction, than in the past few decades. We show that in Japan structural changes emerge in the variance as well as the mean of the real GDP growth rate identified by the multiple structural change test of Perron (1998, 2003) . If the long-term mean growth rate fell substantially, the implication of the Great Moderation for the relationship between output growth and its volatility is not straightforward and requires model-based calculations.
The rest of the paper unfolds as follows. Section 2 discusses the data, detects and corrects outliers, models the unstable GARCH process of output growth volatility, and identifies the break dates in the mean and the conditional variance. Section 3 presents empirical results with changes in the mean and the variance and identifies two areas of misspecification of the GARCH modeling of output growth volatility. Section 4 considers evidence on the relationship between the output growth rate and its volatility. Finally, Section 5 concludes. Hamori (2000), Ho and Tsui (2003) , and Fountas et al. (2004) apply symmetric and asymmetric GARCH(1,1) models to parameterize the time-varying conditional variance of output growth for Japan. Following these authors, this paper uses the same approach modeling volatility process as follows:
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where t η equals an independent and identically distributed (iid) random variable with mean zero and variance 1. In addition, equals the conditional variance of the growth rate, given information available at time t-1. The conditions that β both equal zero, the variance equals a constant. We estimate the model employing Bollerslev and Wooldridge's (1992) quasi-maximum likelihood estimation (QMLE) technique, assuming normally distributed errors and using the Berndt et al. (1974) (BHHH) algorithm.
The model contained in equations (1) and (2) assumes that positive and negative shocks generate the same effect on volatility, implying a symmetric GARCH specification. The volatility may respond differently to shocks during periods of a rise or a fall in output growth.
For example, using the EGARCH model introduced by Nelson (1991) , Ho and Tsui (2003) find evidence of asymmetric volatility in the real GDP growth rates of the U.S. and Canada, although these authors, Hamori (2000) , and Fountas et al. (2004) all report no evidence of asymmetry in Japan. Verhoeven and McAleer (2004) argue that asymmetry may arise with skewed unconditional returns. Table 1 reports skewness of the growth rates. Thus, to provide a more systematic analysis for our longer sample period, we also examine the following EGARCH process: Hamori (2000) and Fountas et al. (2004) for Japan. The likelihood ratio (LR) tests for
in the GARCH process do not reject the null hypothesis of an IGARCH effect. The fitted model adequately captures the time-series properties of the data in that the Ljung-Box Qstatistics for standardized residuals and standardized squared residuals, up to 7 lags, do not detect autocorrelation and conditional heteroskedasticity. The standardized residuals, however, exhibit significant excess kurtosis and, thus, do not exhibit a normal distribution at the 5-percent level.
In Panel B, for the EGARCH(1,1) model, the insignificant estimate of 2 α suggests that good news and bad news do not exert different effects on output growth volatility. All properties of the diagnostic statistics, such as no autocorrelation and heteroskedasticity, significant kurtosis and normality test, and the insignificant LR test match those exhibited in the GARCH model. The significant IGARCH effect ( 1 β =0.9393) appears in Hamori (2000) and Fountas et al. (2004) .
The empirical results of the GARCH models may reflect model misspecification in, at least, two ways. First, on the one hand, Stock and Watson (2003) , Bhar and Hamori (2003), Mills and Wang (2003) , and Summers (2005) document the decline in volatility of Japan's output growth. On the other hand, Diebold (1986) , Lamoureux and Lastrapes (1990) , Mikosch and Stărică (2004), and Hillebrand (2005) note theoretically that Engle and Bollerslev's (1986) IGARCH may result from instability of the constant term in the conditional variance (i.e., nonstationarity of the unconditional variance). Neglecting such changes can generate spuriously measured persistence of the conditional variance heavily biased towards one. Thus, the high volatility persistence found in the GARCH models in Table 2 may prove spurious, since we do not incorporate structural change in the variance. That the empirical results may depend on whether the researcher models the structural changes in the variance does not break new ground.
See Lastrapes (1989) , Tzavalis and Wickens (1995) , and Fang and Miller (2008) for an analysis in the GARCH framework, and the references contained in these studies for different applications. While this issue receives some attention for the U.S., no analysis of this issue considers the Japanese case. As noted by Blanchard and Simon (2001) and Stock and Watson (2003) , Japan's patterns of output growth and its volatility differ from that of the other G7 countries. Therefore, Japan deserves more analysis of the conditional volatility of its real GDP growth. Specifically, it experiences two declines in its growth rate in addition to its volatility. Krämer and Azamo (2007) show that changes in the mean equation may explain changes in the volatility.
Second, according to the distributional assumption in the GARCH specifications, the standardized residuals should reflect a normal distribution, if the GARCH models totally capture unconditional skewness and leptokurtic distributions. The sample skewness and kurtosis in Table   2 for the standardized residuals indicate that the GARCH solves the skewness but only some of leptokurtosis for the output growth rate. Thus, the significant statistics of kurtosis and the JarqueBera normality test provide another cautionary note. Blanchard and Simon (2001) note that the distribution of output growth exhibits excess kurtosis, if large and infrequent shocks occur. This suggests that the evidence of kurtosis may reflect extreme changes in the mean growth rate. We argue that not considering such changes as outliers, structural breaks in the mean, or structural breaks in the variance of the growth rate may leave the excess kurtosis unresolved, as seen in Table 2 .
Thus, we expect to resolve these two issues of misspecification by modeling outliers and changes in the mean and the variance equations. That is, the likelihood of biasing the estimated volatility persistence parameters toward one and the skewness and leptokurtosis in the distribution of output growth vanishes after adjustment of the GARCH model with various changes.
Economic and financial time series frequently include outliers. 6 An outlier observation appears inconsistent with other observations in the growth rates. To the best of our knowledge, however, researchers typically overlook their existence and effect when modeling output growth volatility. For example, Fang and Miller (2008) apply Inclán and Tiao's (1994) Moreover, the situation worsens with time-varying volatility. In the context of persistent volatility patterns and additive outliers, the test is severely distorted and is expected to provide unreliable inference no matter the available number of observations.
In Table 2 , excess kurtosis in the GARCH residuals implies the presence of outliers in the growth series that the GARCH models do not capture (Balke and Fomby, 1994; Franses and Ghijsels, 1999; Darné, 2005, 2006; and Bali and Guirguis, 2007) . In addition, the high persistence measures may reflect structural changes in the mean or variance of growth rates, which the GARCH estimations ignore (Diebold, 1986; Lamoureux and Lastrapes, 1990; Mikosch and Stărică, 2004; Hillebrand, 2005; Krämer and Azamo, 2007; and Fang and Miller, 2008) . Following Franses and Ghijsels (1999) and Charles and Darné (2005) , we, first, employ the method of Chen and Liu (1993) to detect and correct for additive outliers (AOs) and 6 Balke and Fomby (1994) analyze fifteen post-World War II U.S. macroeconomic time series using the outlier identification procedure based on Tsay (1988) and find that outliers may prove important for U.S. macroeconomic data, and such aberrant observations may lead to large ARCH test statistics. van Dijk, Franses, and Lucas (1999) demonstrate that neglecting additive outliers frequently leads to a rejection of the null hypothesis of homoskedasticity, when it is in fact true. Tolvi (2001) and Charles and Darné (2006) , however, show another possibility. That is, outliers can hide the ARCH tests of the series. After correcting the data for outliers, returns series sometimes display strong evidence of ARCH. Franses and Ghijsels (1999) and Darné (2005, 2006) apply the method of Chen and Liu (1993) to correct for additive outlier and show that correcting for additive outliers reduces excess kurtosis in GARCH models and improves forecasts of stock market volatility.
innovative outliers (IOs), if any, in the GARCH models. Using the outlier-corrected GDP growth series and following Cecchetti et al. (2005) and Herrera and Pesavento (2005) , we, second, apply the multiple structural change test of Perron (1998, 2003) to detect structural changes in the mean and the variance of the series.
Franses and Ghijsels (1999) and Charles and Darné (2005) develop a method to detect and correct additive and innovative outliers in GARCH models based on the outlier detection procedure by Chen and Liu (1993) . An AO, an exogenous change, affects the level of the series when the outlier occurs. An IO, an endogenous change, affects the series after it occurs through the memory of the process. In the detection process, we, first, estimate the GARCH(1,1) model for the growth rate series and obtain estimates of the conditional variance, , which we write as an ARMA(1,1) model for
ε (see Bollerslev, 1986) and that may involve contamination from AOs and/or IOs. We, then, compute the test statistics (see Ghijsels (1999), Peña (2001) , and Charles and Darné (2005) for details). An outlier exists when the maximized statistic among all possible observations exceeds the prespecified critical value, which equals ten (10) in our application. The choice for a critical value reflects simulation experiments proposed by Franses and van Dijk (2004, pp.181-182) . We, next, replace the observed growth rates with outlier-corrected values, depending on AOs and/or IOs. Finally, we estimate the GARCH model for the outlier-corrected growth rates and repeat all steps until no maximized test statistic exceed the critical value.
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We find two outliers, an additive outlier and an innovative outlier, both at the same date 1974:1. According to Chen and Liu (1993) , at the date, the larger is the test statistic, the more likely is the type of outlier. We, therefore, treat the outlier as an AO, since it exhibits the largest test statistic. Table 3 reports descriptive statistics for the outlier-corrected growth rate. Compare Table 3 to Table 1 . Since the AO at 1974:1 is the minimum observation (-3.4964 in Table 1 ), this correction leads to higher mean value and skewness in Table 3 . The statistics of kurtosis and the normality test fall, but both remain significant. In econometrics, we expect the standardized residuals to exhibit a normal distribution after GARCH adjustment. Table 4 reports that, using the outlier-corrected GDP growth series, the insignificant statistics of the Jarque-Bera test suggest normally-distributed residuals, although the kurtosis proves marginally significant at the 10-percent level in the GARCH(1,1) model. All other estimates and statistics match those in Table 2 except that 2 α now proves significant. Asymmetry appears sensitive to the data, reflecting the higher skewness after outlier correction. The IGARCH effect remains, however, in both the GARCH and the EGARCH models, as evidenced by the insignificant LR statistics.
Using the outlier-corrected data, we look for structural changes in the volatility for GDP growth in sequential steps. First, we estimate equation (1) allowing for the possibility of structural breaks in its intercept. Specifically, we use the statistical techniques of Perron (1998, 2003) to estimate multiple break dates without prior knowledge of when those breaks occur. After finding any breaks in the mean of , we use that model specification to obtain series of estimated residuals, t y t εˆ. Second, we search for breaks in the variance by testing for parameter constancy in the conditional mean of the absolute value of the residuals t εˆ as shown in Cecchetti et al. (2005) and Herrera and Pesavento (2005) . Perron (1998, 2003) propose several tests for multiple breaks. We adopt one procedure and sequentially test the hypothesis of m breaks versus m+1 breaks using
statistics, which detects the presence of m+1 breaks conditional on finding m breaks and the supremum comes from all possible partitions of the data for the number of breaks tested. In the application of the test, we search for up to five breaks. If we reject the null of no break at the 5-percent significance level, we, then, estimate the break date using least squares, to divide the sample into two subsamples according to the estimated break date, and to perform a test of parameter constancy for both subsamples. We repeat this process by sequentially increasing m until we fail to reject the hypothesis of no additional structural change. In the process, rejecting m breaks favors a model with m+1 breaks, if the overall minimal value of the sum of squared residuals over all the segments, including an additional break, falls sufficiently below the sum of squared residuals from the model with m breaks. The break dates selected include the ones associated with this overall minimum. We search for multiple breaks in the series of output growth using the GAUSS code made available by Bai and Perron (2003) . and 1982:1 in Fang and Miller (2008) .
In Table 5 , Panels C and D, we further conduct structural stability tests for the unconditional variance as well as the mean of the growth rate by splitting the sample into subperiods according to the break date. For the unconditional mean, a t-statistic tests for the equality of means under unequal variances for two different samples, while a variance-ratio statistic tests for the equality of the unconditional variances.
In Panel C, the mean growth rates in each sub-sample differ significantly, since the t- Thus, two important differences of preliminary statistics for quarterly real GDP growth emerge between Japan and the U.S. First, the Great Moderation in the U.S. means moderation in output volatility. In Japan, the Great Moderation means two declines in the mean growth rate in addition to a decline in the variance. Second, and most interestingly, Japan and the U.S. experience a tenyear gap between their break dates, but both exhibit a high degree of moderation in variance.
Most research investigates the causes of the Great Moderation such as good policies, structural change, good luck, or output composition shifts, as discussed in McConnell and Perez-Quiros volatility. This rest of this paper addresses the effect of the Great Moderation on the time-series specification of output growth volatility in GARCH models as well as the effects, if any, of our output growth volatility measure on output growth and of output growth on its volatility in Japan.
Structural Changes and GARCH Estimates
To consider the effect of the Great Moderation on the volatility persistence of output growth in GARCH specifications, we include a dummy variable in the conditional variance equation, which equals unity from the break date forward, zero otherwise, in the GARCH and EGARCH processes, respectively, as follows: Japan also experiences two sharp drops in its growth rates in addition to the moderation in its volatility at the break dates 1973:1 and 1991:1. To capture the mean shifts, two dummy variables, defined as =1 for , zero otherwise, and =1 for , zero otherwise, enters into the mean equation as follows:
To see the effect of the mean changes, Table 6 reports the estimation results, where we include these two dummy variables in the mean equation, but still exclude the shift dummy variable from the variance equation. For each of the two GARCH models, the coefficients of the two mean-shift dummies ( and ) prove highly significant with no autocorrelation or heteroskedasticity. Excess kurtosis leads to non-normally distributed errors and high volatility α , is significant at the 10-percent level. For all three specifications, the coefficients of skewness and excess kurtosis prove insignificant. The standardized residuals conform to a normal distribution.
In sum, the results of the symmetric or asymmetric GARCH models suggest that the high time-varying variance in the growth rate may reflect the change in the variance caused by the Great Moderation.
Previous studies that employed a GARCH(1,1) modeling approach investigating volatility of real GDP growth generally conclude that high volatility persistence in the real growth rates exists in Japan. This study revisits this issue and finds no high volatility persistence. Following the same procedures used before, we see IGARCH estimates and significant kurtosis with no autocorrelation and heteroskedasticity for each of the three samples, when we ignore changes in the data (i.e., outliers and changes in mean and variance), the same evidence as reported in Table 2 . When we use the outlier-corrected data and observe the effect of including breaks in the mean equation for each sample, the mean-shift dummies ( and ) prove significantly negative with no autocorrelation and heteroskedasticity. Insignificant skewness and kurtosis, and, thus, normally distributed residuals emerge in two EGARCH estimations. The high volatility persistence of an IGARCH appears in all six symmetric and asymmetric specifications. We examine descriptive statistics for the data in the pre-and post-break subsamples for the three sample periods. The same conclusions emerge as in our sample period (see Table 5 ). The t-statistic rejects the null of equality of means between samples and the variance ratio rejects the null of variance equality between samples. To save space, we do not report detailed statistics, which are available on request.
Finally, when we incorporate the dummy variables in both the mean and variance equations, volatility persistence declines. Interestingly, the EGARCH estimates a negative estimate of 1 β , which also appears in Hamori (2000) and Ho and Tsui (2003) . One explanation is that the estimate 2 α is insignificant, suggesting no need for an asymmetric specification. The same conclusion occurs in Hamori (2000), Ho and Tsui (2003) , and Fountas et al. (2004) .
In sum, previous studies assume implicitly that a stable GARCH process governs conditional growth volatility. The neglect of the structural break in the variance implies misspecification of the conditional variance. This leads to the conclusion of a significant IGARCH effect as in the GARCH and EGARCH estimations of Hamori (2000) and Fountas et al. (2004) . Moreover, taking no account possible outliers and breaks in the growth rates entails excess kurtosis, and, thus, a significant Jarque-Bera test as reported by Ho and Tsui (2003) , violating the normality assumption and generating another issue of misspecification for the GARCH model.
Relationship between Output Volatility and Economic Growth
The prior section considers the appropriate time-series specification of the volatility of the growth rate of real GDP. A number of authors examine the issue of how this volatility affects the growth rate of GDP. That is, does the decreased real GDP growth rate volatility cause a higher or lower real GDP growth rate? For example, applying a GARCH in mean (GARCH-M) model (Engle et al., 1987) and using post-war real quarterly GDP data, Henry and Olekalns (2002) discover a significant asymmetric GARCH effect and a negative link between volatility and real GDP growth for the U.S. without consideration of structural shift in the volatility process. In contrast, Fang and Miller (2008) find a weak GARCH effect and no link between volatility and growth for the U.S. with a structural break in the volatility process. Fountas et al. (2004) analyze Japan's data and conclude that output volatility does not affect output growth under the assumption of a stable GARCH process. This section pursues this question with our more appropriate time-series specification of the real GDP growth rate volatility. This issue is important because structural break in variance biases upward GARCH estimates of persistence in variance and, thus, vitiates the use of GARCH to estimate its mean effect.
In this section, the mean growth rate shown in equation (6) translates into the following:
where t σ equals the standard deviation of the conditional variance, , and 2 t σ λ measures the volatility effect in the mean.
Alternative theoretical models give mixed results --negative, positive, or independent relationships between output growth volatility and output growth. For example, the misperceptions theory, proposed originally by Friedman (1968) , Phelps (1968), and Lucas (1972) , argues that output fluctuates around its natural rate, reflecting price misperceptions due to monetary shocks. The long-run growth rate of potential output, however, reflects technology and other real factors. The standard dichotomy in macroeconomics implies no relationship between output volatility and its growth rate (i.e., λ =0). Rogers (1997, 2000) argue that learning-by-doing generates growth whereby production complements productivityimproving activities and stabilization policy can positively affect human capital accumulation and growth. One natural conclusion, therefore, implies a negative relationship between output growth volatility and growth (i.e., λ <0). In contrast, Black (1987) argues that high output volatility and high growth coexist. According to Blackburn (1999) , a relative increase in the volatility of shocks increases the pace of knowledge accumulation and, hence, growth, implying a positive relation between output growth volatility and growth (i.e., λ >0).
More recently, consider the possibility of a two-way relationship between output growth and its volatility. The authors first estimate a bivariate GARCH specification of output growth and inflation. And then they recover the means and conditional variances for output growth and inflation to run a second-stage four-variable vectorautoregressive model to conduct Granger-causality tests. Using G7 examples, they find that output growth volatility positively affects output growth in all the seven countries, except Japan, and output growth negatively affects output growth volatility in Japan, Germany, and the U.S.
and a zero effect in the rest of the countries. That is, a bi-directional causality between output growth and its volatility exists in Germany and the U.S., and one-way causality in Japan and the other four countries.
In a GARCH-M model, if output growth partly determines its volatility but is excluded in the variance equation, then the conditional variance equation is misspecified and GARCH-M estimates are not consistent (see Pagan and Ullah, 1988) . and Fang and Miller (2008) develop a structural specification that incorporates the contemporaneous conditional volatility into the mean equation for output growth and lagged output growth into the conditional variance equation in their GARCH-M models. They both find a negative level effect in the variance for the U.S. and find no level effect in Japan. To avoid the GARCH-M model suffering from an endogeneity bias, we augment the variance equations (4) and (5) where θ measures the level effect of the output growth in variance. To the best of our knowledge, no economic theory models explicitly the effect of output growth on its volatility.
The sign of θ is unknown. argue that either a negative or a positive relation may occur. That is, an increase in output growth leads to more inflation, if both the Friedman (1977) hypothesis and the Taylor (1979) effect hold, then higher inflation raises inflation volatility and higher inflation volatility trades off with output volatility. Thus, output growth and its volatility are negatively related (i.e., θ <0). Ungar and Zilberfarb (1993) , however, show that higher inflation reduces inflation volatility, and thus a positive relation (i.e., θ >0) may also occur. Table 10 reports the GARCH and EGARCH in mean estimation results, where we include the mean-shift dummies, and the lagged output growth as well as the one-time structural break in the variance process. As noted earlier in Table 7 , we already demonstrated that the ARCH (1) (2000), , and Fang and Miller (2008) for the U.S. This finding, however, proves inconsistent with the discovery of a positive relationship by McKiernan (1996, 1998) for the U.K. and the U.S., and by for Germany and Japan, as well as the discovery of a negative relationship by Macri and Sinha (2000) for Australia and by Henry and Olekaln (2002) for the U.S.
What factors ma rnan (1998) and use annual real GNP or IP (industrial production) data. Macri and Sinha (2000) use quarterly real GDP and IP data, although the real GDP data do not exhibit an ARCH effect. Caporale and McKiernan (1996) , Speight (1999) , and Grier and Perry (2000) use monthly IP to examine the effect of output growth volatility on its growth. The data frequency may provide another avenue for differences in findings. Existing Regarding how the lagged growth rate of output affects its conditional variance, we use quarter latility in quarterly real GDP growth rates for Japan during the period ly data and find no significant effect. employ annual data and report no level effect. apply monthly data and identify a significant negative effect for Japan. We differ in reporting no positive effect in GARCH and no negative effect in EGARCH. Our GARCH-M estimation result proves robust to the outliers and the Great Moderation in the mean as well as in the variance.
Conclusion
This paper investigates vo 1955:2 to 2008:2 as well as the relationship, if any, between output growth volatility and output growth. We begin by considering the possible effects, if any, of structural change on the volatility process. Our initial results, based on a GARCH and an EGARCH model, find strong evidence of volatility persistence and excess kurtosis in the growth rates. Subsequent analysis reveals that this conclusion does not prove robust to an additive outlier in the GARCH specifications and the Great Moderation in the mean and the variance of output growth at the break dates identified by the Perron (1998, 2003) algorithm. First, excess kurtosis drops substantially in the GARCH or vanishes in the EGARCH model that corrects for the additive outlier in the growth rates. Non-normal distribution partly reflects extraordinary changes in the data (Tables 2 and 4) . Second, using the outlier-corrected growth series, the IGARCH effect or high volatility persistence remains in the specification that includes the mean-shift dummy variables in either a symmetric or an asymmetric model (Table 6 ). Third, the finding of a high volatility persistence measured by the GARCH or the EGARCH model disappears in the specification that includes a dummy variable for the structural break. The IGARCH effect proves spurious (Table 7) . This result demonstrates a misspecification of the GARCH models, if researchers neglect the Great Moderation in the variance. Fourth, in a parsimonious ARCH-M model, our measure of volatility that corrects for the additive outlier and structural shifts in the mean and the volatility process finds that neither the volatility of output growth affects output growth, nor output growth affects its volatility (Table 10) .
Using Japan as an example, our series of empirical evidence on volatility of real GDP growth indicate that GARCH estimates are sensitive to data and, thus, inferences prove biased without a more thorough examination of the data. Non-normally distributed growth rates may reflect changes in the data. Outlier-corrected data and dummy variables accounting for such changes produce lower volatility persistence and normally distributed residuals in GARCH estimation, either a symmetric or an asymmetric model. As a consequence, researchers need to examine outliers and each of the first four moments of residuals to guarantee adequateness of the GARCH model employed. One issue remains unresolved and deserves further attention: Why do Japan and the U.S. experience ten-year gap between their break dates for the Great Moderation, even though both experience the high degree of moderation in output volatility. P-values appear in brackets; 0.0000 indicates less than 0.00005. The measures of skewness and kurtosis are normally distributed as and , respectively, where T (=212) equals the number of observations. LB and LB equal Ljung-Box Q-statistics distributed asymptotically as with k degrees of freedom, testing for level and squared terms for autocorrelations up to k lags. 
Q LB Note: See Table 7 . The coefficients λ and θ correspond to the standard deviation in the mean equation and the level effect in the variance equation, respectively. * denotes 5-percent significance level. ** denotes 10-percent significance level. 
